A survey is presented of all of the electron plasma oscillation events found to date in association with low-frequency type III solar radio bursts using approximately 9 years of observations from the Imp 6 and 8, Helios 1 and 2, and Voyager 1 and 2 spacecraft. Plasma oscillation events associated with type Ill radio bursts show a pronounced increase in both the intensity and the frequency of occurrence with decreasing heliocentric radial distance. This radial dependence explains why intense electron plasma oscillations are seldom observed in association with type III radio bursts at the orbit of the earth. Possible interpretations of the observed radial variation in the plasma oscillation intensity are considered.
INTRODUCTION
The currently accepted model for the generation of type III solar radio bursts is that these radio emissions are produced by nonlinear processes involving electron plasma oscillations excited by solar flare electrons streaming outward through the solar corona. The electron plasma oscillation mechanism, first proposed by Ginzburg and Zheleznyakot; [1958] , has become the basic element of essentially all theories of type III radio bursts, with suitable refinements to account for various types of nonlinear interactions [Sturrock, 1961; Tidman et al., 1966; Papadopoulos et al., 1974; Smith, 1974] . Although the plasma oscillation mechanism has been widely accepted for many years, only in the past two years have measurements been obtained which definitely establish the existence of these electron plasma oscillations. Initially, studies by earth-orbiting satellites failed to detect electron plasma oscillations in association with type III radio bursts [Kellogg and Lin, 1976] . After searching through nearly 4 years of data from the earth-orbiting Imp 6 and 8 satellites, only one typ.e III event was identified with clearly associated electron plasma oscillations [Gurnett and Frank, 1975] . However, the intensity of this event,
• 100 #V m-', was much too small to account for the observed radio emission intensities. The first observations of electron plasma oscillations with intensities sufficiently large to explain type III radio emissions were obtained from the Helios 1 and 2 solar probes, in orbit around the sun at radial distances rang2 ing from 0.29 to 1.00 AU Anderson, 1976, 1977] . In the initial survey of the Helios 1 and 2 plasma wave data, three events were found with electron plasma oscillation intensities exceeding 1 mV m-'. All of these events occurred relatively close to the sun, at heliocentric radial distances of less than 0.45 A U.
Since the initial survey of the Helios 1 and 2 data the quantity of data available for analysis has increased considerably, and several more intense electron plasma oscillation events have been identified in association with type III radio bursts. Approximately 12 months of plasma wave data are also available from the Voyager 1 and 2 spacecraft at radial distances of from 1.0 to 2.2 AU. A description of the plasma wave instrumentation on the Voyager 1 and 2 spacecraft is given by Scarf and Gurnett [1977] . From these data it is found that the most intense electron plasma oscillations, • 1-10 mV m-', are Copyright ¸ 1978 by the American Geophysical Union.
usually detected relatively close to the sun, at heliocentric radial distances of less than 0.5 AU, and that only weak events, • 100 #V m -•, are detected near and beyond 1.0 A U. These observations indicate the presence of a strong radial variation in the electron plasma oscillation intensities associated with type III radio bursts, decreasing rapidly with increasing radial distance from the sun. The purpose of this paper is to survey the characteristics of all of the electron plasma oscillation events observed to •tate in association with type III bursts and to investigate the variation in intensity of these events with radial distance from the sun.
SURVEY OF EVENTS ANALYZED
Up to the present time a total of 18 type III solar radio bursts have been detected with clearly associated electron plasma oscillations. The total quantity of data surveyed to identify these events consists of approximately 4 years of observations from Imp 6 and 8 [Gurnett and Frank, 1975] , 4 years of observations from Helios 1 and 2, and 12 months of observations from Voyager 1 and 2. These data include 153 type III radio bursts which were detectable at .frequencies below 178 kHz. Since only 18 of these events occur in association with plasma oscillations, it is evident that the chance of detecting the plasma oscillations responsible for a type III radio burst is quite small, approximately 12%.
The typical characteristics of the events detected are illustrated in F. igures 1 and 2, which show the electric field strength in four adjacent frequency channels for each of the 18 events. As can be seen from Figure 1 , most of the plasma oscillation events beyond 0.5 AU are quite weak, typically only a few hundred microvolts per meter. In many of these cases it is probably questionable whether these weak plasma oscillations could be responsible for the observed radio emission intensities, even though the close time coincidence indicates that they are produced by the same particles which are responsible for the type III radio emission. Probably the only events in Figure 1 which are strong enough to account for the observed type III radio emission intensities, according to current theories, are on days 316 and 341, 1977. As is evident in Figure 2 . If the radiation is generated at the second harmonic, as is widely believed, then the plasma oscillations should start when the frequency of the type III radio emission reaches the second harmonic, 2f•,-, of the local electron plasma frequency. As can be seen for the events on days 91, 92, 108, 112, and 341, the plasma oscillations start well after the frequency of the type Ill emission drops below 2f•,-. The disagreement in these cases may indicate that the radiation was being generated at the fundamental rather than the second harmonic, that plasma oscillations were present but on time scales too small (<50 ms) to be detected, or that the plasma oscillations were occurring in small regions or filaments which by chance were not encountered until well after the leading edge of the emission region had swept past the spacecraft. The events on day 341 in Figure  1 and day 108 in Figure 2 also show another interesting effect, which is a nearly constant peak electric field amplitude for time intervals of almost half an hour. These nearly constant electric field amplitudes are almost certainly the result of some nonlinear saturation mechanism which limits the maximum attainable electric field amplitude.
The radial variation of the maximum electric field amplitude with radial distance from the sun is shown in 
DISCUSSION
These measurements show that the electric field strength of electron plasma oscillations associated with type III radio bursts decreases rapidly with increasing radial distance from the sun. This radial variation provides a partial answer to the question of why electron plasma oscillations are so seldom observed in association with type III radio bursts at the orbit of the earth. Evidently, by the time the beam of electrons which produces the type III radio emission reaches the earth, the velocity distribution function has evolved to the point that the plasma oscillations are only weakly unstable or not unstable at all. Closer to the sun the distribution function is evidently more unstable, leading to more intense plasma oscillations. The observed radial variation of plasma oscillation intensities is also consistent with the frequency spectrums of type III radio bursts, which usually decrease in intensity with decreasing frequency, indicating a decreasing emissivity (hence plasma oscillation intensity) with increasing radial distance from the sun.
Qualitatively, the decreasing plasma oscillation intensity with increasing distance from the sun fits in reasonably well with what one would expect, since the temporal dispersion of the emitted electron beam tends to intensify the unstable part of the electron velocity distribution function in the region closer to the sun, causing larger electric field amplitudes. A quantitative understanding of the observed radial variation, however, will require a detailed understanding of the nonlinear effects which saturate or limit the growth of the plasma oscillations and of the wave-particle interactions which influence the evolution of the electron beam as it propagates outward from the sun. Saturation effects are usually characterized by the dimensionless ratio of the electric field to plasma energy density, E:/8•rnkT, which for a given distribution function reaches an approximately constant asymptotic value after the instabil- The Editor thanks R. G. Stone and P. Kellogg for their assistance in evaluating this paper.
